fore set out to focus on the earliest events in T cell
activation that regulate a first apparent intracellular block, namely reverse transcription, observed by some of these groups. One critical set of transcriptional regulators in early T cell commitment processes is the nuclear factor of activated T cells (NFAT). NFAT is at present a four-member family of genes related to the Rel/ NF-B proteins (Northrop et al., 1993; Nolan, 1994; Rao et al., 1997). We show here that one member of this family, NFATc, can overcome a blockade to HIV-1 reverse transcription and is sufficient to enable productive HIV-1 infection of primary T cells. This provides an understanding of the mechanism by which HIV-1 depends upon key early activation factors preexisting in host T cells, illustrating a classic case of host control of parasitism. 
Results

T-tropic strain NL4-3 was infected into NFATc-expresscells (data not shown), suggesting the effect is not limited to T-tropic HIV-1 strains. ing CD4 ϩ T cells and control CD4
ϩ T cells using the experimental schedule shown in Figure 3A . The experiNFATc is part of the normal T cell activation program. We examined whether transduced NFATc was by itself ment consisted of two phases. The first phase provides conditions for efficient gene transduction using the retleading to proliferation or activation of the CD4 ϩ T cells. Over a time course of 18 days we did not observe any rovirus gene delivery system. The second phase is the experimental section for testing HIV-1 infection kinetics growth advantage or disadvantage due to NFATc expression in human primary CD4 ϩ T cells. The growth and biochemistry.
Over a time course of 18 days post HIV-1 infection, rate for both populations of cells showed only a 4-fold expansion over the 18 days of this time course, in accor-HIV-1 replication was measured by a p24 enzyme-linked assay (ELISA) ( Figure 3B) . Surprisingly, HIV-1 replication dance with expectations for primary T cells under these kinds of culture conditions. As expected, secondary was dramatic in the NFATc-transduced CD4 ϩ T cell population, even without PHA stimulation. However, in con-PHA stimulation significantly enhanced the growth rate, especially during the first few days of induction (Figure trol CD4 ϩ T cells we could not detect HIV-1 replication unless PHA activation was provided. The replication 3C). Cell populations were comprised of over 80% living cells through the last observed time point. Thus, allevel of HIV-1 in NFATc-expressing cells was at least 10-fold higher at the first time point than that in control though NFATc has been suggested to be necessary for T cell proliferation, NFATc alone is not sufficient to drive cells secondarily stimulated by PHA. This proceeded until a plateau was reached and virus count declined.
T cell proliferation. It has been reported that progression to the G1b HIV-1 replication in NFATc-expressing CD4 ϩ T cells was enhanced by secondary PHA stimulation ( Figure 3B) . phase of the cell cycle might be important for HIV-1 replication (Korin and Zack, 1998). We therefore examThus, NFATc can permit HIV-1 replication in human primary CD4 ϩ T cells. Similar results were observed when ined the cell cycle status of the control and NFATctransduced cells ( Figure 3D ) using 7-amino-actinomycin an M-tropic HIV-1 strain, YU-2, was infected into these GFP-positive population ( Figure 6D ). This all or nothing Jain et al., 1993). Freshly isolated target primary CD4 ϩ response is comparable to the replication enhancement T cells were cultured in the presence of PHA and either observed in Figure 3B in the absence of stimulation but CsA at 0 ng/ml, 100 ng/ml, 500 ng/ml, 1 g/ml or FK506 in the presence of NFATc. NFATc ( Figure 6D ) was slightly at 0 ng/ml, 10 ng/ml, 100 ng/ml, 500 ng/ml, 1 g/ml. At more effective than PHA ( Figure 6C ) in conferring repli-3 days post treatment the cells were challenged with cation competency at the single cell level (2.1-fold; HIV-1 and replication levels were determined by p24 calculated by normalizing for infected cells in the con-ELISA at day 6 post HIV-1 challenge. Figure 5A shows trol and NFATc transduced population, 0.33 Ϭ [(0.1 ϫ that PHA-stimulated HIV-1 replication was strongly in-15.44) Ϭ 9.92]). This is in accordance with the data as hibited by CsA (58%) or FK506 (81%). This supports presented in Figure 3B , which showed a near identical the contention that PHA-induced endogenous NFAT is increase. involved in HIV-1 replication. Does NFATc expression lead to specific HIV-1 replicaIf NFAT is relevant to the completion of reverse trantive capacity at the single cell level within a population scription, as suggested using transduced NFATc, then of infected cells? We compared the GFP ϩ and GFP Ϫ both CsA and FK506 should lead to a diminution in the cell populations expressing greater than 50 U of Lyt-2 levels of fully reverse-transcribed genomic HIV-1 DNA.
( Figure 6D ) versus those expressing between 3 and 50 We found that the levels of completed double-stranded U. There are 11-fold more cells harboring HIV-1 (HXBviral DNA were greatly decreased ( Figure 5B ), closely GFP) that express high levels of Lyt-2(NFATc) versus reflecting the p24 results, with CsA or FK506 treatment those that express low levels of Lyt-2(NFATc) (see calculation in figure legend). Thus, there is a strong correlation of PHA-stimulated cells ( Figure 5A ). Similar levels of the 
